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0 Enhanced control method and system for the shifting of an automated splitter transmission. 



0 A pneumatic control system (200) for controlling 
the automated shifting of the splitter section (114) of 
an automated compound transmission (llO)is pro- 
vided. Sliifting of the splitter section is controlled by 
a differential area piston/cylinder actuator assembly 
(162) having a first chamber (168A) associated with 
low-speed operation and a- second chamber (170A) 



associated with high-speed operation. Pressurization 
and exhaust of each of the chambers is controlled 
by an Individual independently controlled solenoid 
actuated valve (202 and 204 respectively), each of 
which operates In response to control signals from 
an ECU 124. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a control sys- 
tem or method for controlling the auxiliary section 
splitter actuator of an automated or partially auto- 
mated vehicular compound transmission. In particu- 
lar, the present invention relates to a control sys- 
tem or method for controlling the splitter section 
actuator of an automated or partially automated 
compound vehicular transmission wherein a two- 
position fluid actuated actuator is utilized to engage 
and disengage non-synchronized jaw clutches to 
selectively engage either a low-speed or a high- 
speed splitter section ratio. 

Description of the Prior Art 

Compound change gear transmissions of the 
type having one or more auxiliary sections con- 
nected In series with a main transmission section 
are very well known in the prior art. Such transmis- 
sions are typically associated with heavy duty ve- 
hicles such as large trucks, tractor/semi-trailers, 
and the like. Auxiliary transmission sections are of 
three general types; range type, splitter type, or 
combined range/splitter type. 

In compound transmissions having a splitter 
type auxiliary section, the ratio steps of the splitter 
auxiliary section are less than the ratio steps of the 
main transmission section and each main transmis- 
sion section ratio may be split, or subdivided, by 
the splitter section. Examples of compound change 
gear transmissions having splitter type auxiliary 
sections may be seen by reference to U.S. Patent 
Nos. 4,290.515; 3,799.002; and 4.527,447, the dis- 
closures of which are hereby incorporated by refer- 
ence. 

In a combined range and splitter type auxiliary 
section, or sections, both range and splitter type 
ratios are provided allowing the main transmission 
to be progressively shifted through its ratios in at 
least two ranges and also allowing the main trans- 
mission section ratios to be split in at least one 
range. Examples of compound transmissions hav- 
ing a single combined range/splitter type auxiliary 
section may be seen by reference to U.S. Patent 
Nos. 3.283,613; 3.648,546 and 4,754,665; the dis- 
closures of which are hereby incorporated by refer- 
ence. Assignees well known RT/RTO 11613 and 
RT/RTO 14718 "Eaton Roadranger" transmissions 
are examples of combined range/splitter type trans- 
missions. 

Another example is the "Ecosplit" model of 
transmission sold by Zahnradfabrik Friedrichshafen 
Aktiengeseushaft of Friedrichshafen, Germany 
which is a sixteen fonA^ard speed type of transmis- 



sion which utilizes a separate two-speed splitter 
auxiliary section In front of and a separate two- 
speed range section behind the main transmission 
section. 

5 It should be noted that the terms main and 

auxiliary sections are relative and that the designa- 
tions of the main and auxiliary sections are re- 
versed, the type of auxiliary section (either range or 
splitter) will also be reversed. In other words, given 

10 what is conventionally considered to be a four 
speed main section with a two-speed range type 
auxiliary section, if the normally designated auxil- 
iary is considered the main section, then the nor- 
mally designated main section would be consid- 

75 ered a four speed splitter type auxiliary section 
therefor. By generally accepted transmission in- 
dustry convention, and as used in this description 
of the invention, the main transmission section of a 
compound transmission Is that section which con- 

20 tains the largest (or at least no less) number of 
forward speed ratios, which allow selection of a 
neutral position, which contains the reverse ratio(s) 
and/or which is shifted (In manual or semi-auto- 
matic transmissions) by manipulation of the shift 

25 bar or shift rail or shift shaft/shift finger assembly 
as opposed to master/slave valve/cylinder arrange- 
ments or the like. 

Splitter shift control systems and methods for 
controlling the fully or partially automated shifting 

30 of splitter section nonsynchronized jaw clutches in 
automated or partially automated compound trans- 
missions are known in the prior art. An example of 
such a partially automated transmission system 
may be seen by reference to U.S. Patent No. 

35 4,722,248, the disclosure of which is hereby Incor- 
porated by reference. Such prior art automated or 
partially automated transmissions, especially those 
utilizing a two-speed splitter section wherein either 
a low-speed or a high-speed splitter ratio could be 

40 selected, utilized a fluid pressure operated differen- 
tial area piston actuator wherein the smaller piston 
surface area is constantiy pressurized to urge the 
actuator to cause engagement of the low-speed 
splitter section ratio and the actuator chamber as- 

46 sociated with the larger area piston face is selec- 
tively pressurized or exhausted to cause engage- 
ment or disengagement of the high-speed splitter 
section ratio. 

The splitter section control systems/methods of 

50 the prior art was not totally satisfactory as shifts 
were occasionally noisy due to splitter clutch rak- 
ing. In cold weather conditions disengagement of 
the low-speed splitter clutch was difficult as the full 
force generated by the larger piston surface was 

55 not available and, in the event of a failure of the 
electricity to the solenoid controllers, the splitter 
section would automatically default to the low- 
speed ratio thereof regardless of the intention of 
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the operator. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, the 
drawbacks of the prior art are minimized or over- 
come by the provision of a control system/method 
for controlling automated splitter shifting in a fully 
or partially automated compound transmission 
which will reduce splitter clutch raking, will mini- 
mize missed shifts in cold temperatures, will pro- 
vide potentially longer splitter clutch life and, upon 
an electrical failure of the controlling solenoid(s) will 
allow the splitter clutch to remain engaged in its 
current splitter section gear ratio. 

The above is accomplished by providing in- 
dividually controllable valves, preferably solenoid 
controlled valves, for selectively controlling the 
pressurlzation and exhausting of the actuator cyl- 
inder chambers associated with both the smaller 
area piston surface and the larger area piston sur- 
face of a two position differential area piston ac- 
tuator. Accordingly, during a splitter shift transient, 
upon sensing that the actuator is in a nonengaged 
position, which will result from attempts to engage 
the splitter clutch at significantly nonsynchronous 
rotation, the control allows both chambers of the 
actuator to be exhausted until substantially syn- 
chronous rotation of the engaging clutch is sensed 
thus reducing raking of the splitter clutch jaw teeth. 
Preferably, the appropriate cylinder will be repres- 
surized as the jaw clutch approaches synchronous 
to allow a rapid and smooth engagement of the 
splitter jaw clutch. Additionally, in cold weather 
conditions, a relatively higher force may be utilized 
to disengage the low-speed splitter jaw clutch and 
to engage the high-speed splitter clutch by pres- 
surizing the actuator chamber associated with the 
large area piston face while retaining the other 
chamber vented. Further, each of the valves con- 
trolling the chambers is preferably biased to a 
exhausting position whereby an electrical failure of 
the controlling solenoids will result in the solenoid 
controlled valves exhausting both chambers allow- 
ing the splitter clutch to remain in its currently 
engaged ratio. 

Accordingly, it is an object of the present in- 
vention to provide a new and improved control 
system/method for controlling the automated split- 
ter shifting of a fully or partially automated com- 
pound transmission. 

This and other objects and advantages of the 
present* invention will become apparent from a 
reading of the detailed description of the preferred 
embodiment taken in connection with the attached 
drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Rgure 1 is a schematic illustration of a partially 
automated mechanical transmission system having 

5 partially automated splitter section shifting. 

Rgure 1A is a schematic illustration of a trans- 
mission for use In the system of Figure 1 and 
being a compound transmission having a combined 
range and splitter type auxiliary section. 

10 Rgure IB is a schematic illustration of the 
semi-automatic shift pattern for the transmission 
system of Figure 1 . 

Rgure 2 is a schematic illustration of a prior art 
splitter shifting control system. 

IS Rgure 3 Is a schematic illustration of the auto- 

mated splitter shift control system of the present 
Invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
20 MENT 

Certain terminology wilt be used in the follow- 
ing description for convenience and reference only 
and will not be limiting. The words "upwardly", 

25 "downwardly", "rightwardly" and "leftwardly" will . 
designate directions in the drawings to which refer- 
ence is made. The words "forward", "rearward", 
will refer respectively to the front and rear ends of 
the transmission as conventionally mounted in a 

30 vehicle, being respectfully from left and right sides 
of the transmission as illustrated in Figure 1. The 
words "inwardly", and "outwardly", refer to direc- 
tions towards and away from, respectively, the geo- 
metric center of the device and designated parts 

35 thereof. The above applies to the words above 
specifically mentioned, derivatives thereof and 
words of similar import. 

The term "compound transmission" is used to 
designate a change speed or change gear trans- 

40 mission having a multiple forward speed main 
transmission section and at least one multiple 
speed auxiliary transmission section connected in 
series whereby the selected gear reduction in the 
main transmission section may be compounded by 

45 further selected gear reduction in the auxiliary 
transmission section. "Synchronized clutch assem- 
bly" and words of similar Import shall designate a 
positive, jaw-type clutch assembly utilized to non- 
rotatably couple a selected gear to a shaft by 

50 means of a positive clutch in which attempted 
engagement of said clutch is prevented until the 
members of the clutch are at substantially synchro- 
nous rotation and relatively large capacity friction 
means are utilized with the clutch members and 

55 are sufficient, upon initiation of a clutch engage- 
ment, to cause the clutch members and all mem- 
bers rotating therewith to rotate at substantially 
synchronous speed. 
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Figure 1 illustrates a partially automated trans- 
mission system 100 having a compound transmis- 
sion 110 with a main section 112 connected in 
series with an auxiliary section 114 of the com- 
bined range and splitter type. In the high-speed 
main section and high-speed range section position 
(I.e. the 11th and I2th speed position), splitter 
shifting between 11th and 12th speeds is auto- 
mated. An example of this type of transmission 
system may be seen by reference to U.S. Patent 
No. 4,722,248, the disclosure of which Is Incor- 
porated by reference. 

Compound type transmission 110 comprises a 
main section 112 coupled to an auxiliary section 
114 is controlled by the splitter shift control system 
and method of the invention. Main section 112 is 
operatively coupled to the drive shaft 20 of the 
vehicle engine 112 by clutch C and output shaft 94 
of the auxiliary section is operatively coupled, com- 
monly by means of a drive shaft, to the drive 
wheels of the vehicle (not shown). 

The change gear ratios available from trans- 
mission 110 are manually selectable by first de- 
pressing clutch pedal 116 to disengage the engine 
drive shaft and then positioning shift lever 118 
according to the shift pattern prescribed to engage 
the particular change gear ratio of main section 
desired and thence, in the event the particular gear 
ratio desired is contained within a different ratio of 
auxiliary section 114, by operation of one or more 
actuators such as electrical shift button or fluid 
actuating valves 120 to provide a signal operative 
to effect the engagement within auxiliary section 
114 desired as is well known to those skilled in the 
operation of compound type transmissions. 

For the purpose of this invention, the term 
"group" as used herein shall mean the particular 
plurality of gear ratios available from a vehicular 
transmission and particularly from a compound 
type transmission when a particular gear ratio is 
manually selected by an operator and the term 
"sequentially related" as used herein shall mean 
between gear ratios available within the group se- 
lected provided there Is no inten/ening gear ratio 
available within another group such as. for exam- 
ple, shown in group "Auto" of Figure IB where 
automatic shifting is effected between gear ratios 

1 1 and 1 2 but not between gear ratio 4 and 1 1 or 

12 since other groups contain gear ratios inter- 
mediate to gear ratios 4 and gear ratios 11 and 12. 
Generally, the transmission Is of the type having a 
plurality of forward gear ratios of which one group 
selectable by the operator is sequentially related 
and less than the total number of gear ratios pro- 
vided by the transmission and automatic shifting is 
effected between at least two of the sequentially 
related gear ratios. 



In the system 100, preferably, all of the gear 
ratios except the highest and those sequentially 
related to the highest in the group including the 
highest gear ratio, are manually selectable by the 

$ operator by actuating button 120 if required (I.e. to 
preselect) and then depressing clutch pedal 116 to 
cause clutch C to disengage transmission 112 from 
the engine drive member and then position shift 
lever 118 and thence, upon engagement of the 

70 desired change gear ratio, release pedal 116. 

The shift control system Is operative to Initiate 
and enable automatic shifting between at least the 
sequentially related gear ratios within the highest 
group and preferably between all sequentially re- 

75 lated gear ratios within each group whenever the 
lowest gear ratio included within the group is se- 
lected by the operator. 

The control system of the invention includes 
means for sensing and providing a suitable signals 

20 122 to means operative to enable automatic shift- 
ing at the particular gear position desired. The 
means operative to enable automatic shifting in- 
cludes logic circuitry 124, clutch control 126, auto 
fuel control 128 and shift actuator 130. Logic cir- 

26 cuitry 124 is operative to receive and operate upon 
information including input speed signal 132. gear 
ratio position signals 122. output speed signals 134 
and accelerator pedal position signal 136 to initiate 
and provide automatic shifting as required. Gen- 

30 erally, automatic shifting is accomplished by shift 
actuator 130 including valves, actuators and the 
like well known to those skilled in the art according 
to the nature of a signal 138 received from logic 
circuitry 124 which, In turn, provides signal 140 to 

35 clutch control 126 which in turn provides signal 142 
for automatic operation of clutch C in coordination 
with providing and receiving a signal 126 to auto- 
matic fuel control 128 relative manual operation of 
accelerator pedal 144 in addition to information 

40 concerning output speed of output shaft 94 pro- 
vided logic circuiti^y 16 by signal 134. 

The above described means by which auto- 
matic shifting is effected is well known to those 
skilled in the art excepting that it becomes op- 

46 erable only when a gear ratio included in at least 
the group including the highest gear ratio is man- 
ually engaged by the operator. Examples of such 
automatic shifting may be appreciated in greater 
detail by reference to U.S. Patent Nos. 4,361.060; 

50 4.527.447; and 3,478,851, the disclosures of all of 
which are Included herein by reference. 

Logic circuitry 124 Is preferably in the form of 
a microprocessor based controller, or ECU. as de- 
scribed In U.S. Patent No. 4.595,986, the disclosure 

55 of which Is incorporated herein by reference. 

Although the present invention Is described In 
connection with the partially automated system of 
Figure 1, it is also useful in connection with more 
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fully automated systems such as the type de- 
scribed in U.S. Patent No. 4,361 .060, the disclosure 
of which is incorporated herein by reference. 

The structure of a compound transmission 110 
having a combined range and splitter type auxiliary 
section 114 may be seen in Figure 1A. Referring 
now to Figure 1A, there is a schematically illus- 
trated a well known and highly commercially suc- 
cessful thirteen-speed compound transmission 110. 
Transmission 110 comprises a main transmission 
section 112 connected in series with an auxiliary 
transmission section 114 having both range and 
splitter type gearing. Typically, transmission 110 is 
housed within a single housing and includes an 
input shaft 16 driven by a prime mover such as 
diesel engine E through a selectively disengaged, 
normally engaged friction master clutch C having 
an input or driving section 18 drivingly connected 
to the engine crank shaft 20 and a driven portion 
22 rotatably fixed to the transmission input shaft 
16. 

in the main transmission section 112, the input 
shaft 16 carries an input gear 24 for simultaneously 
driving a plurality of substantially identical main 
section countershaft assemblies 26 and 26a at sub- 
stantially identical rotational speeds. In the trans- 
mission 10 illustrated, two substantially identical 
main section countershaft assemblies are provided 
on diametrically opposite sides of a mainshaft 28, 
which mainshaft is generally coaxially aligned with 
the input shaft 16. Each of the main section coun- 
tershaft assemblies 26 and 26a comprises a main 
section countershaft 30 supported by bearings 32 
and 34 in housing H, only a portion of which is 
schematically illustrated. Each of the main section 
countershafts 30 is provided with an identical 
grouping of main section countershaft gears 38, 40, 
42, 44, 46 and 48, fixed for rotation therewith. A 
plurality of main section drive or mainshaft gears 
50, 52, 54, 56 and 58 surround the mainshaft 28 
and are selectively clutchable, one at a time, to the 
mainshaft 28 for rotation therewith by sliding clutch 
collars 60, 62 and 64 as is well known in the art. 
Clutch collar 60 may also be utilized to clutch input 
gear 24 to mainshaft 28 to provide a direct drive 
relationship between input shaft 16 and mainshaft 
28. Preferably, each of the main section mainshaft 
gears encircles the mainshaft 28 and is continuous 
meshing engagement with and is floatingly sup- 
ported by the associated countershaft gear group, 
which mounting means and a special advantages 
resulting therefrom are explained in greater detail 
in U.S. Patent Nos. 3,105,395 and 3,335, 616. the 
disclosures of which are hereby incorporated by 
reference. Typically, clutch collars 60. 62 and 64 
are axially positioned by means of shift forks (not 
illustrated) associated with a shift bar housing as- 
sembly (not illustrated) as well known in the prior 
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art. Clutch collars 60, 62 and 64 are axially posi- 
tioned by means of shift fori<s (not illustrated) as 
well known in the prior art. Clutch collars 60. 62 
and 64 are of the well known nonsynchronized 

5 double acting jaw clutch type. 

It is understood that although transmission 110 
is illustrated as of the well known and commercially 
successful multiple identical countershaft, floating 
mainshaft and floating mainshift gear type, and 

70 while the auxiliary transmission section of the 
present invention is particulariy well suited for such 
transmission structure, the advantages of the 
present invention are equally applicable to trans- 
missions of the single countershaft or nonidentical 

75 multiple countershaft type. 

Main section mainshaft gear 58 is the reverse 
gear and is in continuous meshing engagement 
with countershaft gears 48 by means of conven- 
tional intermediate idler gears (not shown). It 

20 should also be noted that while main transmission 
section 12 does provide five selectable forward 
speed ratios, the lowest forward speed ratio, name- 
ly, that ratio provided by drivingly connected main- 
shaft drive gear 56 to mainshaft 28, is often of such 

25 a high gear reduction as to be considered a low or 
"creeper" gear which is utilized only for starting of 
a vehicle under severe conditions and is usually 
not utilized in the high transmission range and/or 
may not be split in the low transmission range. 

30 Accordingly, while the main section 12 illustrated 
does provide five forward speeds, it is usually 
referred to as a "4 + 1" main section as only four of 
the forward speeds are compounded by the auxil- 
iary transmission section 14. 

35 Jaw clutches 60. 62 and 64 are three-position 
clutches in that they may be positioned in a cen- 
tered, nonengaged position as illustrated or in a 
fully rightwardly engaged or fully leftwardly en- 
gaged position. 

40 Auxiliary transmission section 114 is connected 
in series with main transmission section 112 and is 
of the three-layer, three-speed combined 
range/splitter type. Mainshaft 28 extends into the 
auxiliary section 14 and carries an auxiliary drive 

45 gear 70 fixed thereto, which auxiliary drive gear 
simultaneously drives a plurality of auxiliary section 
countershaft assemblies 72 and 72A at equal rota- 
tional speeds. Each of the auxiliary countershaft 
assemblies, 72 and 72A, comprises an auxiliary 

50 countershaft 74 supported by bearings 76 and 78 
in housing H and carrying three auxiliary section 
countershaft gears 80, 82 and 84 fixed for rotation 
therewith. Auxiliary section countershaft gears 80 
are constantly meshed with auxiliary drive gear 70 

55 while auxiliary section countershaft gears 82 and 
84. respectively, are constantly meshed with auxil- 
iary driven gears 86 and 88, respectively. Auxiliary 
section driven gear 86 coaxially surrounds stub 
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shaft 90 which is coaxial with mainshaft 28 and 
carries a synchronized sliding two-position syn- 
chronized clutch assembly 92 thereon. Auxiliary 
section driven gear 88 coaxially surrounds output 
shaft 94 which carries a two position slidable jaw 
clutch collar 96 thereon, which jaw clutch collar is 
substantially structurally and functionally Identical 
to jaw clutch collars 60. 62 and 64 utilized in the 
main transmission section 12. Clutch assemblies 
92 and 96 are both two position clutch assemblies, 
which may be selectively located in the rightward- 
most or leftwardmost axial positions, but not nor- 
mally in a centered nonengaged position there- 
between. Typically, clutch assemblies 92 and 96 
are axially positioned in a selected axial position by 
means of shift forks positioned by a remotely con- 
trolled fluid actuated piston assembly as is well 
known in the prior art. 

Synchronized clutch assembly 92 may be re- 
moved to the leftwardmost position to drivingly 
couple auxiliary drive gear 70 and mainshaft 28 to 
auxiliary stub shaft 90 or may be selectively axially 
positioned in the rightwardmost position to selec- 
tively rotationally couple auxiliary driven gear 86 to 
auxiliary stub shaft 90. Sliding clutch collar 96 may 
be axially positioned in the leftwardmost position to 
rotationally couple stub shaft 90 to output shaft 94 
or may be axially positioned in a rightwardmost 
position to rotationally couple auxiliary drive gear 
88 to output shaft 94. 

Auxiliary section countershaft gears 80 and 
auxiliary section drive gear 70 comprise a first gear 
layer, auxiliary section countershaft gears 82 and 
auxiliary section driven gear 86 comprise a second 
gear layer and auxiliary countershaft gears 84 and 
auxiliary section driven gear 88 comprise a third 
gear layer of the three gear layer auxiliary trans- 
mission section 14. As may be appreciated, when 
clutch collar 96 is in the rightwardmost position 
drivingly coupling auxiliary driven gear 88 to output 
shaft 94, mainshaft 28 will drive the output shaft 94 
through auxiliary drive gear 70, auxiliary counter- 
shaft gear 80, auxiliary countershaft gear 84 and 
auxiliary drive gear 88 regardless of the position of 
synchronized clutch assembly 92 and thus the 
three-gear-layer auxiliary transmission section 14 
provides a maximum of three selectable ratios. 

Synchronized clutch assembly 92 is the range 
shift clutch utilized for making range shifts in the 
auxiliary section while sliding jaw clutch collar 96 
81s the splitter clutch utilized for making splitter 
shifts in the auxiliary section. A shift fork 96A is 
utilized to selectively axially position nonsynch- 
ronlzed jaw clutch collar 96. 

Further structural details of transmission 110 
and the splitter clutch 96 may be seen by refer- 
ence to U.S. Patent Nos. 4.754,665; 4,788.889 and 
4,964.313, the disclosures of which are incorpo- 



rated herein by reference. 

A prior art control system 160 for controlling 
the automated shifting of a two-speed splitter sec- 
tion is illustrated in Figure 2. Axial positioning of 

5 splitter jaw clutch collar 96 is by means of shift fork 
or yoke 96A associated with a pneumatically op- 
erated differential area piston/cylinder actuator as- 
sembly 162. 

Assembly 162 defines a cylinder housing 164 

10 in which Is seallngly and slidably received a dif- 
ferential area piston 166 having a first smaller sur- 
face area face 168 and an opposed second larger 
surface area face 170. Piston 166 divides the cyl- 
inder Into a first chamber 168A associated with the 

75 first face and a second chamber 170A associated 
with the second face. 

Pressurization of chamber 168A will develop a 
force urging shift fork 96A leftwardly to engage the 
low-speed splitter ratio while pressurization of 

20 chamber 170A will develop a force urging shift fork 
96A rightwardly to engage the high-speed splitter 
ratio. 

Conduit 172 constantly connects low-speed 
chamber 168 A to a source of pressurized air from 

25 the air supply 174 (often an onboard compressor 
and/or wet tank) and the filter/regulator assembly 
176. In heavy duty vehicles, the pressurized air to 
the transmission and other actuators Is typically 
regulated to 60 to 80 psi. 

30 Chamber 170A is connected to conduit 178 
which fluidly connects high-speed chamber 170A 
to a three way two position valve 180 which is 
biased to connect conduit 178 to exhaust and is 
selectively movable to a position connecting con- 

35 duit 178 to filtered and regulated source of pressur- 
ized air. Valve 1 80 may be selectively operated by 
a valve actuator 182, such as a solenoid actuated 
valve, in response to command output signals from 
the controller 124. 

40 In operation, first chamber 168A is constantly 
pressurized and urges tho low-speed splitter jaw 
clutch Into engagement with a first force. To en- 
gage the high-speed splitter clutch, valve 180 is 
caused to assume its pressurizing or second posi- 

45 tion to pressurize the second chamber, high-speed 
chamber 170A. and the high-speed splitter jaw 
clutch will be urged into engagement with a force 
equal to the product of the pressurization of the 
regulated air times the difference in area between 

50 the second (170) and first (168) piston faces. 

In a particular example, the surface area of first 
face 168 is about 1.11 square inches (Ai=1.11 
in^), the surface area of second face 170 is about 
2.46 square inches (A2 = 2.46 in^) and the regulated 

55 pressure Is 60 psi (Ps = 60 psi). Accordingly, the 
force generated by pressurizing the first face is 
about 66.4 lbs to the left, the force generated by 
pressurizing the second face is about 147.7 lbs to 



11/22/04, EAST*" Vers ion: 2.0.1.4 



11 



EP 0 552 557 A1 



12 



the right and the force generated by pressurizing 
both faces is about 81.3 lbs. to the right. Thus, 
when valve 180 is in the nornnal or exhausting 
position, the splitter sleeve 96 is urged into en- 
gagement with the low-speed splitter ratio (direct in 
Figure 1A) with about 66.4 lbs. of force, and when 
valve 180 is in the pressurizing position, splitter 
clutch sleeve 96 is urged rightwardly into engage- 
nnent of the high-speed splitter ratio (overdrive In 
Figure 1A) with about 81.3 lbs. of force. 

TTie prior art control systenn of Figure 2 is 
generally effective, however, in certain circum- 
stances, improvement is desirable. As chamber 
168A is constantly pressurized, the clutch sleeve 
96 is constantly urged either leftwardiy of rightwar- 
dly and thus, even if substantial nonsynchronous 
conditions at the engaging jaw clutch teeth Is 
sensed, the clutch teeth will be urged into raking 
engagement causing possibly objectionable noisy 
splitter shift and/or wear of the clutch teeth. Also, 
after clutch engagement a constant force is con- 
tinuously applied to clutch sleeve which may result 
in wear and/or stress to the shifting elements. Fur- 
ther, in the case of an electrical failure to valve 
actuator 182, the splitter section will default to the 
low-speed position thereof which may be contrary 
to the vehicle operator's wishes. 

Additionally, as chamber 168A is constantly 
pressurized, the full available force (about 147.7 
lbs.) provided by pressurising chamber 170A Is not 
available for high force disengagement of the low- 
speed ratio and/or engagement of the high-speed 
splitter ratio as may be desirable under certain 
conditions such as cold weather operation of sys- 
tem 100. 

The control system 200 of the present inven- 
tion for automatic shifting a two-speed splitter sec- 
tion is illustrated in Figure 3. As with the prior art 
system 160, a two-position, differential area piston 
actuator 162 is utilized to position the splitter clutch 
96, and pressurized air Is provided by the supply 
174 and tilter/regulator 176. 

The system controller, ECU 124, operates on 
various inputs from the fuel controller, an actuator 
position sensor 201 and the speed sensors to issue 
command output signals to the fuel controller and 
two control valves, 202 and 204. 

Valves 202 and 204 are each two-position, 
three-way valves for connecting a controlled port, 
202A and 204A respectively, to eitiier the source of 
regulated air or to exhaust. Valves 202 and 204 are 
independentiy operable with valve 202 controlling 
the pressurization or exhaust of actuator chamber 
168A and valve 204 controlling the pressurization 
or exhaust of actuator chamber 170A. Preferably, 
as Illustrated In Figure 3, valves 202 and 204 are 
solenoid controlled valves biased to the exhausting 
positions thereof. As the valves are independentiy 



operable, each of the two actuator chambers 168A 
and 170A are independently and Individually pres- 
surized or exhausted and, in the event of an elec- 
trical power failure, neitiier of the chambers will be 
5 pressurized which might cause the actuator to as- 
sume a possibly undesirable default position there- 
of. 

The operation of system 200 is as described 
below. 

10 For an upshift sequence, the shift sequence 
starts when the controller 124 had determined that 
a shift point has been reached. Shift point selection 
Is based upon multiple inputs to the controller and 
may be based upon logic such as is utilized in 

75 above-mentioned U.S. Patent No. 4,361,060. As 
this is an upshift, both the low 202 and the high 
204 speed solenoid control valves are energized. 
As a result of the differential area piston, this 
provides a net force on the splitter clutch towards 

20 the high-speed splitter ratio position. At the same 
time, the fuel controller is caused to decrease 
fueling of the engine causing a torque break. When 
a torque break occurs, the splitter clutch 96 will 
succumb to the net force in tiie high-speed ratio 

25 direction which will disengage the splitter clutch 
from the low-speed ratio. Since the splitter clutch is 
driven by a two position piston/cylinder actuator 
162. the splitter clutch is driven across neutral, 
towards engagement with the high-speed jaw 

30 clutch. However, as there is usually such a high 
initial differential speed between the engaging jaw 
clutch members, the sliding splitter clutch member 
Is rejected by the clutch member rotating with the 
high-speed ratio gear and very little raking of the 

35 jaw clutch teeth occurs. As the system detects that 
the splitter clutch has gone to the neutral position 
by riieans of position sensor 201, both solenoid 
valves 202 and 204 are turned off to reduce the 
force of a splitter clutch to zero. The splitter clutch 

40 now "floats" In the neutral region, waiting for syn- 
chronous speed to be achieved. 

Simultaneously, as soon as splitter neutral is 
detected, the automatic fuel control is operated in a 
synchronizing mode to cause the engine speed to 

46 be brought to synchronous with the desired gear, 
preferably via a closed loop control. As the engine 
speed is approaching synchronous, based upon 
the rate of approaching synchronous and the clutch 
actuator reaction time, the high-speed ratio sole- 
so noid valve 204 is energized by itself to supply full 
force for engagement of the splitter clutch into the 
high-speed ratio position. This helps assure that full 
jaw clutch engagement Is obtained. Once the sys- 
tem has determined that the splitter has fully en- 

55 gaged, fueling of the engine is returned to operator 
control. Preferably, the high-speed solenoid control 
valve 204 remains energized for a sufficient 
amount of time (about 2 seconds) to assure contin- 
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ued engagement of the high-speed ratio jaw clutch. 
The solenoids are then deenergized to increase the 
reliability of the solenoids and drive circuitry. 

The downshift operational sequence of control 
systenr) 200 is similar to the upshift sequence de- 
scribed above except that only the low-speed sole- 
noid control valve 202 is energized to drive the 
splitter clutch into neutral and then into the low- 
speed splitter operational position. It is important to 
note that the disengagement force required on the 
downshift is much less due to the lower torque-lock 
effect holding the gears engaged. Therefore, the 
pneumatic actuator piston/cylinder is designed to 
have the lower force when shifting from high speed 
to low speed (I.e. downshifting) and the higher 
force when shifting from low speed to high speed 
(i.e. upshifting). 

The above system also allows for a full force 
splitter shifting control algorithm which is most use- 
ful during a shift into the high-speed splitter ratio In 
cold temperatures (less than 30 degress Fahren- 
heit) when the splitter clutch resistance to dis- 
engagement of the low-speed ratio is extremely 
high. By independently controlling the high-speed 
ratio cylinder 204, the full force of pressurized fluid 
acting on piston face 170 may be utilized to dis- 
engage the splitter clutch from the low-speed posi- 
tion thereof. 

Briefly, during an upshift when both solenoid 
control valves have been actuated, if, for a given 
period of time (about 1.0 to 2.0 seconds) after 
decreasing fuel, a disengagement of the low-speed 
splitter ratio is not sensed, the low-speed solenoid 
202 is deenergized while the high-speed solenoid 
204 remains energized thus applying maximum 
force for disengagement of the low-speed ratio. At 
the same time, the fuel controller is caused to 
increase then decrease the fueling of the engine to 
create another torque break across the splitter sec- 
tion. During a downshift, although the force applied 
to the splitter clutch cannot be increased, if dis- 
engagement of the high-speed ratio is not sensed 
within a predetermined period of time, (usually 
about one to two seconds) the engine fuel control- 
ler is again cause to momentarily increase and 
then again decrease the fueling of the engine to 
create a torque break across the engaged splitter 
jaw clutches. 

Upon sensing completion of a desired shift for 
a predetermined period of time, as indicated 
above, all solenoids are deenergized to increase 
the life and reliability of the solenoids, the actuators 
and the drivers. To assure continued engagement, 
the appropriate solenoid may be periodically en- 
ergized (every 20 - 60 seconds) for a short period 
of time (1.0 to 2.0 seconds) to assure complete 
and continued engagement of the desired splitter 
speed jaw clutch. 



As indicated previously, as both of the solenoid 
controlled valves 202 and 204 are biased to the 
exhaust positions thereof, an electrical failure will 
simply cause the valves to move to, or remain in, 
5 the exhausting position thereof and thus allow the 
splitter clutch to remain in its as is position. 

Although this Invention has been described in 
its preferred form with a certain degree of particu- 
larity, it is understood that the present disclosure of 
10 the preferred embodiment has been made only by 
way of example, and that numerous changes In the 
detailed construction and combination and arrange- 
ment of the parts may be resorted to without de- 
parting from the spirit and the scope of the inven- 
ts tion, as hereinafter claimed. 

Claims 

1. A method for controlling an automated vehicu- 

20 lar transmission system (100) comprising a 

compound transmission comprising a main 
transmission section (112) connected in series 
with an auxiliary transmission section (114) 
having a high-speed auxiliary section ratio and 

25 a low-speed auxiliary section ratio, non-syn- 

chronized jaw clutch means (96) for engaging 
one of said auxiliary section ratios, a two- 
position fluid actuated actuator (162) for shift- 
ing the auxiliary section to a selected one of 

30 the high-speed and low-speed ratios thereof, 
said actuator comprising a differential area pis- 
ton (166) with a first piston face (170) for 
generating a force to urge engagement of said 
high-speed ratio and a second piston face 

05 (168) smaller than and opposed to said first 
face for generating a force to urge engage- 
ment of said low-speed ratio, a position sensor 
(201) for sensing said actuator is In either the 
high-speed ratio engaged position, the low- 

40 speed ratio engaging position or an intermedi- 

ate position and for generating position signals 
indicative thereof, a fuel controlled engine (E) 
drivlngly connected to said transmission, a fuel 
controller (128) for controlling the amount of 

45 fuel supplied to said engine, a first two-position 

control valve (204) for selectively pressurizing 
or exhausting said first piston face, a second 
two-position control valve (202) for selectively 
pressurizing and exhausting said second pis- 

50 ton face, said control valves individually op- 

erable, rotational speed sensing means for 
sensing substantially synchronous or not sub- 
stantially synchronous conditions at said jaw 
clutches and for providing speed signals indi- 

55 cative thereof, a control unit (124) for receiving 

input signals including signals from said posi- 
tion and rotationalspeed sensors and for pro- 
cessing same according to predetemnined log- 
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ic rutes to generate command output signals to 
said fuel controller and said first and seconds 
valves, said method characterized by the steps 
of: 

(i) upon sensing a selection of a shift from 
said low-speed to said high-speed ratio, 
causing both said first and said second 
valve to assume the pressurizing positions 
thereof, monitoring the position of said ac- 
tuator and causing said fuel control to re- 
duce the supply of fuel to said engine, then 

(a) if the actuator is sensed as moving to 
the high-speed ratio engagement posi- 
tion, returning fuel control to the operator 
and retaining at least the first valve in the 
pressurizing position for a predetermined 
time, then causing both valves to assume 
the exhausting position thereof, or 

(b) if the actuator is sensed as moving to 
and remaining in the intermediate posi- 
tion, causing both valves to move to the 
exhausting position thereof, causing the 
fuel control to fuel the engine to rotate at 
a target synchronous rotation until sub- 
stantial synchronous rotation of the high- 
speed ratio jaw clutch is sensed, causing 
at least the first valve to assume the 
pressurizing position, then when the ac- 
tuator is sensed is moving to the high- 
speed ratio engaging position thereof, re- 
turning fuel control to the operator and 
retaining at least the first valve In the 
pressurized position for a predetermined 
time, then causing both valves to assume 
the exhausting positions thereof. 

2. The method of claim 1 additionally character- 
ized by, after completion of the steps of (i)(a) 
and (i)(b) above, periodically causing the first 
valve to bemoved from the exhausting position 
to the pressurizing position and then back to 
the exhausting position while maintaining the 
second valve in the exhausting position. 

3. The method of claim 2 additionally character- 
ized by; 

(c) if the actuator is sensed as remaining in 
the low-speed ratio position for a first period 
of time, retaining the first valve in the pres- 
surizing position while causing the second 
valve to assume the exhausting position 
thereof and momentarily causing an in- 
crease and a decrease in the amount of fuel 
supplied to the engine. 

4. The method of claims 1, 2 or 3 when said 
auxiliary transmission section is a splitter type 
auxiliary transmission section. 



5. The method of claim 1 wherein said control 
system is pneumatically operated. 

6. The method of claim 4 wherein said control 
5 valves are solenoid controlled valves, 

7. The method of claim 6 wherein said solenoid 
controlled valves are normally biased to the 
exhausting positions thereof. 

10 

8. The method of claim 4 wherein said control 
unit is a microprocessor based control unit. 

9. The method of claim 2 wherein said periodi- 
75 cally causing the first valve to be moved from 

the exhausting position to the pressurizing 
positlonoccurs about every 10 to 60 seconds 
and said first valve is contained in the pres- 
surizing position for about one to two seconds. 

20 

10. The method of claim 4 wherein said sensing 
substantial synchronous rotation of the high- 
speed ratio clutch is sensed as a function of 
the rate of the speed of said engine approach- 

25 ing the target rotational speed and of the reac- 

tion time of the actuator. 

11. The method of claim 3 wherein said predeter- 
mined period of time is about one second. 

30 

12. The method of claim 11 when said auxiliary 
transmission section Is a splitter type auxiliary 
transmission section. . 

35 13. A system (200) for controlling an automated 
vehicular transmission system (100) compris- 
ing a compound transmission (110) comprising 
a main transmission' section connected in se- 
ries with an auxiliary transmission section 

40 (114) having a high-speed auxiliary section ra- 
tio and a low-speed auxiliary section ratio, non- 
synchronized jaw clutch means (96) for engag- 
ing one of said auxiliary section ratios, a two- 
position fluid actuated actuator (162) for shift- 

45 ing the auxiliary section to a selected one of 

the high-speed and low-speed ratios thereof, 
said actuator comprising a differential area pis- 
ton (166) with a first piston face (170) for 
generating a force to urge engagement of said 

50 high-speed ratio and a second piston face 

(168) smaller than and opposed to said first 
face for generating a force to urge engage- 
ment of said low-speed ratio, a position sensor 
(201) for sensingsaid actuator is in either the 

55 high-speed ratio engaged position, the low- 

speed ratio engaging position or an intermedi- 
ate position and for generating position signals 
indicative thereof, a fuel Controlled engine (E) 
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drlvingly connected to said transmission, a fuel 
controller (128) for controlling the amount of 
fuel supplied to said engine, a first two-position 
control valve (204) for selectively pressurizing 
or exhausting said first piston face, a second 5 
two-position control valve (202) for selectively 
pressurizing and exhausting said second pis* 
ton face, said control valves individually op- 
erable, rotational speed sensing means (150, 
152. 154) for sensing substantially synchro- io 
nous or not substantially synchronous condi- 
tions at said jaw clutches and for providing 
speed signals indicative thereof, a control unit 
(124) for receiving input signals including sig- 
nals from said position and rotational speed 75 
sensors and for processing same according to 
predetermined logic rules to generate com- 
mand output signals to said fuel controller and 
said first and seconds valves, said system 
comprising: means effective upon sensing a 20 
selection of a shift from said low-speed to said 
high-speed ratio for causing both said first and 
said second valve to assume the pressurizing 
positions thereof, for monitoring the position of 
said actuator and for causing said fuel control 25 
to reduce the supply of fuel to said engine, 
then 

(a) if the actuator is sensed as moving to 
the high-speed ratio engagement position, 

for returning fuel control to the operator and 30 
for retaining at least the first valve in the 
pressurizing position for a predetermined 
time, then for causing both valves to as- 
sume the exhausting position thereof, or 

(b) if the actuator is sensed as moving to 35 
and remaining in the intermediate position, 
causing both valves to move to the exhaust- 
ing position thereof, for causing the fuel 
control to fuel the engine to rotate at a 
target synchronous rotation until substantial 40 
synchronous rotation of the high-speed ratio 

jaw clutch is sensed, for causing at least the 
first valve to assume the pressurizing posi- 
tion, then when the actuator is sensed is 
moving to the high-speed ratio engaging 4S 
position thereof, for returning fuel control to 
the operator and for retaining at least the 
first valve in the pressurized position for a 
predetermined time, then for causing both 
valves to assume the exhausting positions 50 
thereof. 



maintaining the second valve in the exhausting 
position. 

15. The system of claim 14 additionally compris- 
ing; 

(c) means effective if the actuator is sensed 
as remaining in the tow-speed ratio position 
for a first period of time, for retaining the 
first valve in the pressurizing position while 
causing the second valve to assume the 
exhausting position thereof and for momen- 
tarily causing an increase and a decrease in 
the amount of fuel supplied to the engine. 

16. The system of claims 13, 14 or 15 when said 
auxiliary transmission section is a splitter type 
auxiliary transmission section. 

17. The system of claim 13 wherein said control 
system is pneumatically operated. 

18. The system of claim 16 wherein said control 
valves are solenoid controlled valves. 

19. The system of claim 18 wherein said solenoid 
controlled valves are normally biased to the 
exhausting positions thereof. 

20. The system of claim 16 wherein said control 
unit is a microprocessor based control unit. 

21. The system of claim 6 wherein said sensing 
substantial synchronous rotation of the high- 
speed ratio clutch is sensed as a function of 
the rate of the speed of said engine approach- 
ing the target rotational speed and of the reac- 
tion time of the actuator. 

22. The system of claim 1 5 wherein said predeter- 
mined period of time is about one second. 



14. The system of claim 13 additionally compris- 
ing, means effective after completion of the 
steps of (i)(a) and (i)(b) above, for periodically 55 
causing the first valve to be moved from the 
exhausting position to the pressurizing position 
and then back to the exhausting position while 
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